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Abstract.  Optic  nerve  and  retinal  degeneration  were  studied  histopathologically  fol¬ 
lowing  surgical  resection  of  the  right  optic  tract  of  a  rhesus  monkey  (Macaca  mulatto).  7 
months  following  resection,  well-developed  patterns  of  degeneration  were  seen  bilaterally  in 
optic  nerves  and  retinas.  The  lesions  correlated  well  with  clinical  studies  done  on  the  animal, 
and  with  lesions  reported  in  1  case  in  man.  The  experimental  results  indicate  that  the  rhesus 
monkey  would  make  a  good  model  to  study  optic  nerve  &..d  retinal  degeneration. 

Recent  papers  [Bell  and  Thompson,  1978;  O’Connor  et  al.,  1982; 
Savino  et  al.,  1978]  have  presented  the  clinical  findings  associated  with 
spontaneous  optic  tract  lesions  in  man  and  experimental  tract  lesions  in 
rhesus  ( Macaca  mulatto)  monkeys.  However,  there  are  few  morphologic 
studies  of  the  neuroophthalmic  structures  associated  with  either  acquired 
or  experimental  tract  lesions. 

Unsold  and  Hoyt  [1980]  described  the  histologic  pattern  of  band 
atrophy  of  the  left  optic  nerve  in  a  45-year-old  woman  with  a  giant  supra- 
clinoid  right  carotid  aneurysm.  Leinfelder  [1940]  studied  the  retinas  and 
optic  nerves  of  cat  and  monkeys  following  resection  of  the  optic  nerve, 
and  reported  that  the  amount  of  degeneration  in  the  optic  nerves  of  the 
monkeys  was  insignificant  compared  to  that  seen  in  their  optic  tracts.  He 
also  said  that  there  was  no  obvious  retinal  ganglion  cell  loss.  Retinal 
ganglion  cell  loss  has  been  reported  following  lesions  of  the  optic  chiasm 

1  Poster  presentation  at  the  American  Academy  of  Ophthalmology  Annual  Meeting, 
Atlanta,  November  1-6,  1981. 
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Fig.l.  Diagrammatic  representation  of  surgical  site  and  areas  of  optic  nerve  sectioned 
for  histology.  The  dark  areas  are  zones  of  nerve  degeneration. 


of  man  [Kupfer,  1963].  Descending  optic  nerve  degeneration  and  loss  of 
ganglion  cells  has  been  experimentally  produced  in  the  squirrel  monkey 
[Quigley  et  al.,  1977]  following  optic  nerve  section. 

This  study  was  done  to  document  and  correlate  the  morphologic 
changes  in  the  retinas,  optic  nerves,  optic  chiasms,  optic  tracts  and  brain 
following  unilateral  surgical  resection  of  an  optic  tract  in  rhesus  monkeys. 


Materials  and  Methods 

Animal  Statement:  The  animals  involved  in  this  study  were  procured,  maintained,  and 
used  in  accordance  with  the  Animal  Welfare  Act  of  1970  and  the  ‘Guide  for  the  Care  and 
Use  of  Laboratory  Animals’  prepared  by  the  Institute  of  Laboratory  Animal  Resources  - 
National  Research  Council. 

The  surgical  procedures  and  clinical  measurements  of  pupillary  responses  have  been 
previously  described  [O'Connor  et  al.,  1982],  7  months  following  surgery  the  animal  was 
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Fig.  2.  Absence  of  right  optic  tract  (arrow). 


anesthetized  with  Nembutal  and  killed  by  perfusion  with  2,500  ml  5  %  dextrose  followed  by 
3,000  ml  of  cold  Karnovsky’s  fixative.  The  eyes,  optic  nerves  and  brain  were  removed  in  toto 
and  areas  of  interest  photographed.  The  optic  nerves  were  marked  dorsally  with  India  ink, 
and  4.0-mm  sections  from  proximal,  middle  and  distal  portions  of  the  nerve  were  cut  (fig.  1) 
and  embedded  in  paraffin  by  standard  methods.  Sections  of  retina,  optic  chiasm,  optic  tract 
and  brain  were  also  embedded  in  paraffin.  A  second  set  of  optic  nerve  and  retinal  sections 
were  processed  and  embedded  in  epon.  All  paraffin-embedded  material  was  cut  at  6  pm  and 
stained  with  hematoxylin  and  eosin  and  Luxol  fast  blue.  Epon-embedded  material  was  cut  at 
1  pm  and  stained  with  toluidine  blue. 


Results 

Gross  Description 

The  right  temporal  muscle  was  pale  and  appeared  to  be  approxi¬ 
mately  half  normal  size.  A  portion  of  the  right  temporal  bone  was  gone. 
The  right  optic  tract  was  almost  entirely  ablated  (fig.  2). 
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Fig.  3.  Retina  of  left  eye.  Note  loss  of  nerve  fiber  layer  and  atrophic  ganglion  cells 
Toluidine  blue.  X650. 


Fig.  4.  Mid-zone  of  left  optic  nerve.  An  area  of  degeneration  extends  from  a  narrow 
temporal  band  to  a  broad  area  nasally.  Luxol  fast  blue,  x  33. 
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Hg.5.  Two  areas  of  degeneration  on  the  temporal  side  of  the  distal  right  optic  nerve. 
The  cut  area  dorsally  and  the  diagonal  cut  along  the  dorsal-temporal  border  are  artifacts. 
Luxol  fast  blue.  x29. 


Histologic  Description 

Left  Eye.  There  was  almost  total  absence  of  the  retinal  nerve  fiber 
layer.  Ganglion  cells  were  shrunken,  with  those  remaining  being  approxi¬ 
mately  8.0  pm  in  diameter  as  compared  with  a  normal  of  23.0  pm.  The 
dark,  condensed  band  in  the  area  of  what  should  have  been  nerve  fibers, 
probably  represents  remaining  Mueller  cell  fibers  (fig.  3).  The  distal  por¬ 
tion  of  the  left  optic  nerve  had  a  well-demarcated  band  of  degeneration, 
narrow  on  its  temporal  side  with  a  broad  flare  nasally.  The  area  was 
characterized  by  demyelination  and  loss  of  architectural  integrity.  The 
mid-zone  of  the  nerve  was  similar  to  the  distal  area  with  well-defined, 
narrow  bands  of  demyelination  extending  from  the  temporal  side  of  the 
nerve  and  becoming  a  broad  nasal  area  (fig.  4).  In  the  mid-zonal  portion  of 
the  nerves,  the  boundary  between  essentially  normal  nerve  fascicles  and 
severe  demyelination  was  distinct.  Other  areas  of  partial  destruction  of 
fascicles  were  adjacent  to  areas  of  almost  total  loss  of  myelin  and  apparent 
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hypercellularity.  The  proximal  portion  of  the  left  optic  nerve  had  a  similar 
constrasting  pattern  of  myelination  and  demyelination,  however,  on  the 
temporal  side  of  the  nerve,  the  degeneration  did  not  extend  to  the  edge  of 
the  nerve.  Severe  demyelination  was  noted  in  the  optic  chiasm,  especially 
the  right  side,  however,  bands  of  severe  degeneration  extended  across 
approximately  three-fourths  of  the  chiasm  with  only  the  far  left  portion 
being  free  of  severe  degeneration. 

Right  Eye.  The  retina  of  the  right  eye  was  histologically  similar  to  that 
of  the  left.  The  distal  portion  of  the  right  optic  nerve  had  two  well-defined 
areas  of  degeneration  and  myelin  loss.  These  were  primarily  on  the  tem¬ 
poral  side  of  the  nerve  and  extending  dorsally  and  ventrally,  respectively 
(fig.  5).  The  normal  areas  of  nerve  had  a  wide  nasal  expansion  and  a  more 
narrow  extension  between  the  areas  of  degeneration.  The  mid-zone  of  the 
right  optic  nerve  had  a  pattern  of  degeneration  similar  to  that  of  the  distal 
portion.  The  proximal  portion  of  the  nerve  was  similar  to  that  of  the  mid¬ 
zone  and  distal  portions. 


Discussion 

Although  other  studies  [ Leinfelder ,  1940]  of  monkey  retina  and  optic 
nerve  following  section  of  optic  tracts  have  been  done,  little  optic  nerve  or 
retinal  damage  was  reported  as  much  as  60  days  following  resection.  The 
type  of  monkey  used  in  the  study  was  not  mentioned,  and  some  species 
difference  may  account  for  this  lack  of  lesions. 

Other  studies  [Anderson,  1973;  Quigley  et  al.,  1977]  indicated  that 
descending  degeneration  seemed  to  involve  entire  primate  optic  nerve 
axons  at  once,  and  that  in  the  first  6  weeks  following  optic  nerve  transec¬ 
tion  axons  were  affected  along  their  whole  length  abruptly,  and  as  early  as 
3  weeks  following  resection.  These  studies  suggested  that  distance  from 
injury  site  to  nerve  cell  bodies  is  not  the  most  important  factor  in  the 
timing  of  degeneration,  and  loss  of  retinal  ganglion  cells  was  independent 
of  distance  of  the  cell  body  from  the  injury  site. 

Our  results  correlate  well  with  the  morphologic  lesions  seen  in  a 
human  case  [Unsold  and  Hoyt,  1980]  and  with  the  clinical  findings 
[O’Connor  et  al.,  1982]  indicating  that  the  pattern  of  fibers  in  the  optic 
nerves  and  tracts  is  similar  in  man  and  the  rhesus  monkey.  This  similarity 
makes  the  rhesus  a  good  experimental  model  for  research  into  conditions 
involving  retina,  optic  nerves  and  optic  tracts. 
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